Double Staining of Tobacco-mosaic-virus-infected Material Using Phosphotungstic
Acid and Uranyl Acetate During Dehydration (Accepted IO May 1968) The most widely used staining procedure in recent electron microscope studies of virus-infected plants has involved the use of uranyl acetate, either during dehydration or as a post-stain, together with lead citrate as a post-stain (Arnott & Smith, 1968; Milne & de Zoeten, 1967) . Following the recent demonstration that the appearance of tobacco mosaic virus in thin section could be altered by prolonging the duration of dehydration staining with uranyl acetate (Cocking & Pojnar, I968a) , the use of other heavy-metal stains for dehydration staining, both alone and in combination with uranyl acetate, has been investigated. A double-staining procedure using phosphotungstic acid and uranyl acetate has been developed and the potential of this procedure in electron-microscope studies of virus infection is discussed.
Phosphotungstic acid has been known for many years to give high contrast when used as a tissue stain during dehydration (Huxley, 1958 ) . However, it has been reported to react with epoxides unless a special alkali wash is employed (Luft, I96I). This difficulty has been avoided in the present study by using a non-epoxy, yet thermostable, butyl methacrylate-styrene copolymer for embedding (Mohr & Cocking, 1968) .
Isolated protoplasts were prepared from immature fruit of fully infected tomato plants (Cocking & Pojnar, I968b ) and fixed with 6 % glutaraldehyde (o'o5 M-sodium phosphate buffer, pH 7"o) at 4 ° for 3 hr, washed, and post-fixed with 2 % osmium tetroxide (I o % sucrose, o. I M-sodium phosphate buffer, pH 7"0) at 4 ° for 30 min. The protoplasts were dehydrated in graded ethanols and stained in absolute ethanol with phosphotungstic acid (1%, IO rain.) with or without pre-staining with uranyl acetate (I %). Protoplasts were washed twice in absolute ethanol after staining and embedded in n-butyl methacrylate+styrene (7:3, v/v). Sections were mounted on uncoated Athene type '483" copper grids and examined in an A.E.I. EM 6 B electron microscope at 6o kv using a 5o # objective aperture. No post-staining of sections was employed.
The effect of staining with phosphotungstic acid was to give high but rather uniform contrast; pre-staining with uranyl acetate increased the differential contrast slightly, giving a less fiat picture. Virus particles were well stained, and clearly visible at quite low magnifications (PI. I a). Contrast was found to be adequate without post-staining, making this staining procedure particularly useful in electron microscope radioautographic experiments (P1. I b). At higher magnifications individual virus particles appear as tubes with lightly stained cores with a well-defined outer edge. This sharp definition of the outer edge of the virus aids unequivocal identification and facilitates detection of single virus particles surrounded by cytoplasmic material (P1. I c). Pre-staining with uranyl acetate increased the definition of the hollow centre of the virus particle, presumably due to a more pronounced staining of the nucleic acid. The Stained with uranyl acetate, I ~o in absolute ethanol [ hr, followed by phosphotungstic acid, 1% in absolute ethanol IO min., during dehydration. Short communications resulting appearance of the virus at high magnification was as in P1. I d, the over-all cross-sectional diameter being about 15o ~. Increasing the duration of uranyl acetate staining from I hr to 24 hr did not greatly alter the effect and consequently a I hr staining period was adopted as routine.
Usually it is necessary to post-stain sections when uranyl acetate alone is used as a stain during dehydration. The use of this double staining procedure during dehydration eliminates the need to post-stain, and this feature coupled with the high contrast obtained is a considerable advantage in electron microscope radioautography. Clear staining of the outer edge of the virus particle should facilitate observation of any morphological changes following pinocytotic uptake of virus (cf. Cocking & Pojnar, I968 a); moreover, the ease of detection of single virus particles in the cytoplasm could be of particular use in studies on early stages of infection where amounts of virus are small, or in studies on systems where the amount of virus synthesized is never great. 
